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TITLE OF THE INVENTION 

METHODS FOR SCREENING FOR A COMPOUND USEFUL IN 
THE TREATMENT OR PREVENT ION— OF LYMPHOCYTIC DISORDERS, FOR 
I NHIBITING LYMPHOCYTE ACTIVITY AND PREVENTING OR TREATING 
I YMPHOOYT1C DISORDERS 

FIELD OF THE INVENTION 

[0001] The present Invention relates to methods for screening for a 
compound useful in the treatment or prevention of lymphocytic disorders, for 
inhibiting lymphocyte activity and preventing or treating lymphocytic disorders. 
More specifically, the present invention is concerned with NTPDase inhibitors 
and methods of using same. 

BACKGROUND OF THE INVENTION 

[0002] Many conditions and disease involve defective or undesirable T 
lymphocyte proliferation or activation; these disease and conditions include 
graft-host reaction such as organ or tissue rejection, neoplasia, tumors, T cell 
leukemia, immune diseases and various diseases and conditions in oncology 
and oncohematology, etc. 

[0003] In particular, the T cell leukemia is a T lymphocyte disorder: a 
progressive or aggressive disease. The T cell malignancies can be classified 
into two principal groups: 1-T cell acute lymphoblastic leukemia (ATLL) and 2-T 
cell chronic lymphoblastic leukemia. 

[0004] Actual clinical therapies include chemotherapy, radiotherapy, 
bone marrow transplantation, or a combination of this treatment. Patients are 
almost always resistant to chemothereupic agent and were refractory to other 
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therapies. ATLL is a very aggressive T cell malignancy for which no successful 
treatment is yet available. The acute forms have a poor outcome with overall 
survival ranging from 5 to 13 months. ATLL does not respond or only 
transiently to combination chemotherapy. 

[0005] Patients with chronic forms become refractory to therapy. The 
poor response to therapy related to chemotherapy resistance. Results are not 
superior with immunotherapy. 

[0006] Adenosine triphosphate (ATP) and Adenosine diphosphate (ADP) 
act as signaling molecules for cells of virtually all origins. Indeed these purines, 
which are released from the cells by exocytotic and non-exocytotic 
mechanisms can interact with specific receptors and thereby can influence the 
different physiological systems. One finds on the cell surface two classes of 
receptors which respond to ATP and ADP and identified as purinoceptors, and 
one additional class of purinoceptors which respond to adenosine. In the 
immune system, the role of purines is still poorly understood. It is well known 
however that extracellular ATP can modulate certain responses of various 
lymphocyte cell polulations such as DNA synthesis, blastogenesis and 
mediated cell killing via specific cell membrane purinoceptors. In these 
respects, it has been shown that ATP inhibits natural killer cell activity (11) of 
human and murine origins and phagocytosis in mouse macrophages (3). 
Extracellular ATP can stimulate in vivo DNA synthesis of thymocytes but 
inhibits DNA synthesis of spleen and peripheral blood lymphocytes (6). 
Baricordi et al (7), reported that AT had a synergistic effect on DNA synthesis 
stimulated by selective T-cell mitogens such as PHA or anti-CD 3 monoclonal 
antibody. 

[0007] At least two functionally distinct purinoceptors subtypes have 
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been described in lymphotytes: 1) that coupled to G proteins, namely the P2Y 
receptor linked to IP3 generation and Ca2+ mobilization from intracellular 
stores and 2) the P2X/P2Z receptor which gates a channel permeable to Na+ 
and Ca2+ (7). A P2Y receptor has been described in human B lymphocytes 
and has been reported to be absent from T cells (13-17). Whereas nucleotide 
activated ion channel has been shown to be expressed to a low level in normal 
B-lymphocytes and to be upregulated in resting mouse T and B-lymphocytes, 
leukemic peripheral blood lymphocytes. According to Baricordi et al. (7), human 
peripheral blood lymphocytes and purified T lymphocytes express a P2 X7 
purinoceptor and ionic channel gated by extracellular ATP that is involved in 
the control of mitogenic stimulation by different stimuli. The extracellular 
concentration of the agonist (ATP, ADP or adenosine) which elicits the cellular 
response is determined by several parameters: 1 ) rate of release and diffusion, 
ii) metabolism by ectonucleotidases and iii) binding affinity of the receptors. In 
this context, the role played by ectonucleotidases, and more specifically ecto- 
nucleoside triphosphate diphosphorylase (NTPDase), appears to be 
determinant. In this respect, immuno competent cells, such as lymphocytes and 
macrophages, express ectonucleotidases activities. Ectonucleotidase which 
catalyses the hydrolysis of ATP to ADP has been reported to B cells (18), 
macrophages (20), natural killer (NK) cells and CTL (21). It has been proposed 
that an ecto ATPase could protect murine CTL cells from the lytic effects of 
extracellular ATP released during granules exocytosis (1, 10, 22) and that this 
ecto ATPase was required for the cytolytic activity of NK cells. Recent data on 
ATPDase show that NTPDase 1 (CD 39 ), which is distributed on the cell surface 
of many cell types, plays a key role in the conversion of extracellular ATP to 
ADP and ADP to AMP. This enzyme, put in evidence many years ago by Lebel 
et al. (36) in pig pancreas, has been recently identified in primary and 
secondary lymphoid organs including spleen, thymus, tonsils, and Peyei^s 
patches and isolated lymphocytes and macrophages from pig spleen 
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(Benrezzak et al. (1999)). It has also been demonstrated that CD 39 , a lymphoid 
cell activation antigen (30), corresponds to human NTPDase (31). Kansas et al. 
(32) cloned the latter molecule and studied its distribution and they reported 
that this protein is expressed on activated NK, B, and T cells of peripheral 
blood and is found in certain lymphoid tissues, namely tonsils and thymus. 
Despite these reports demonstrating the presence of NTPDase (CD39) in the 
immune system, the physiological role played by the NTPDase in the immune 
response remains to be clarified. A relevant obstacle to the understanding of 
the NTPDase functions is a lack of specific inhibitors, i.e. an inhibitor that does 
not interfere with purinoceptors. A recently described NTPDase inhibitor, BGO 
136, a naphtyl derivative also known as 1 -hydroxynaphtalene-3,6 disulfonic 
acid, produced a mixed type of inhibition with Ki s of 380 uM with ATP and ADP 
as substrate, respectively (Gendron et al. 2001). Biochemical and 
pharmacological characterisations of a further NTPDase inhibitor, the 8 Bus 
ATP, are described in Gendron et al. (2000), J Med Ghem. The US patent 
application no. 09/591,177 in the name Beaudoin et al. teaches that various 
others compounds are also able to inhibit NTPDase activity. 

[0008] There remains a need to determine the activity and functions of 
the NTPDase. In particular, there remains a need to determine whether 
NTPDase has a direct implication in immune responses. 

[0009] There also remains a need to provide new means of preventing or 
treating diseases or conditions involving defective or undesirable T lymphocyte 
proliferation or activation. 



SUMMARY OF THE INVENTION 

[0010] The present invention teaches that NTPDase is directly involved 
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in the immune response. It teaches that NTPDase is an agonist of T 
lymphocyte proliferation and humoral response. It also teaches that NTPDase 
inhibitors are able to inhibit T lymphocyte proliferation and humoral response. 
More specifically, it teaches that NTPDase inhibitors may be used to prevent 
graft rejection. 

[0011] More specifically, the present invention also teaches the inhibitory 
effects of BGO 136, erythrosin B, 8 Bus-ATP, 8 Bus-AMP on cell specific 
mitogenic stimulation and lymphoproliferative properties of T cells and on 
primary antibody response to a T-cell dependent antigen. These findings 
emphasize the importance of NTPDase for the T-helper cell for functions in 
humoral responses induced by T cell dependent antigens. 

[0012] Results obtained on mouse revealed efficacy of NTPDase 
inhibitors and tolerance for long-term treatment. 

[0013] The present invention provides uses and methods of using 
NTPDase inhibitors in the prevention or treatment of disease or condition 
characterized by a T lymphocytic disorder including graft vs host reaction 
following organ or tissue transplant, blood disorders such as neoplasia 
(leukemia and lymphoma), autoimmune disorders such as rheumatoid arthritis 
and psoriasis, and various other oncological and oncohematological diseases 
and conditions. 

[0014] Composition within the scope of the present invention should 
contain the NTPDase inhibitor in an amount effective to achieve the desired 
therapeutic effect while avoiding adverse side effects. The dosage will be 
adapted by the clinician in accordance with conventional factors such as the 
extent of the disease and different parameters from the patient. Typically, 
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0.001 to 50 mg/kg/day of the NTPDase inhibitor in accordance with the present 
invention will be administered to the mammal. Pharmaceutically acceptable 
preparations and salts of the NTPDase inhibitor are within the scope of the 
present invention and are well known in the art (Remington's Pharmaceutical 
Science, 16th Ed., Mack Ed.). 

Assays to identify NTPDase of the present invention 

[0015] Preferred methods for testing the ability of candidate compounds 
to inhibit the NTPDase activity are presented herein. It will be understood that 
the invention is not so limited. Indeed, often assays well known in the art can 
be used in order to identify non-competitive, extracellular antagonists of the 
present invention. 

[00116] It shall be understood that the "in vivo" experimental model can 
also be used to carry out an "in vitro" assay. 

In vitro assays 

[0017] In a preferred embodiment, candidate inhibitors are tested for 
their ability to inhibit NTPDase ability to modulate lymphocytic proliferation with 
the incorporated triated thymidine method. Other ways of determine 
cellular proliferation may be use. For instance cell count and the assays 
described in Baker F.L. et al. (1995) Cell Prolif. 28(1):1-15; Cheviron N. et al. ( 
1996) Cell Prolif. 29(8):437-46; Hu Z. W. et al. (1999) J: Pharmacol. Exp. Ther. 
290(1):28-37; and Elliott K. etal. (1999) Oncogene 18(24):3564-73. 

In vivo assays 

[0018] The assays described above may be used as initial or primary 
screens to detect promising lead compounds for further development. Lead 
inhibitors will be further assessed in additional, different screens. Therefore, 
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this invention also includes secondary screens which may involve various 
assays utilizing mammalian cell lines expressing these purinoceptors or other 
assays. 

[0019] In yet other preferred embodiments, candidate inhibitors are 
tested for their ability to inhibit NTPDase's ability to elicit humoral response and 
specifically antibody production. Any methods known in the art including those 
described herein for determining antibody production may be used including 
the techniques involving the formation of hemolytic plaques, etc. 

[0020] Tertiary screens may involve the study of the identified inhibitors 
in animal models for clinical symptoms. Accordingly, it is within the scope of 
this invention to further use an inhibitor identified as described herein in an 
appropriate animal model such as a rat or a mouse. For example, a inhibitor 
can be used in an animal model to determine the efficacy, toxicity, or side 
effects of treatment with such an agent. Alternatively, an inhibitor identified as 
described herein can be used in an animal model to determine the mechanism 
of action of such an agent. Furthermore, this invention pertains to uses of novel 
agents identified by the above-described screening assays for treatment (e.g. 
treatments of different types of disorders associated with a deregulated, 
defective, undesirable immune cells activity), as described herein.. 

[0021] More specifically, in accordance with the present invention, there 
is provided a method of screening for a compound useful in the treatment of a 
disease or condition characterized by an immune cells disorder, wherein said cell 
expresses NTPDases, said method comprising the steps of contacting a candidate 
compound with ecto-nucleoside triphosphate diphosphohydrolase (NTPDase), 
wherein the candidate compound is selected if the activity of said NTPDase is 
reduced in the presence of the candidate compound as compared to that in the 
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absence thereof. In a specific embodiment, the contacting of the candidate 
compound with the NTPDase is performed in an immune cell selected from the 
group consisting in normal T lymphocyte, normal B lymphocyte, normal NK cell, 
normal macrophage, normal monocyte, Jurkat cell, Raji cell, Ramos cell, 
MonoMac™ cell, K562 cell and U937 cell. 

[0022] According to a further aspect of the present invention, there is 
provided a method for inhibiting an immune cell activity in a mammal, comprising 
targeting immune cells with an effective amount of a NTPDase inhibitor. In specific 
embodiments, the method is further characterized by one or more of the following 
characteristics: the immune cells are normal lymphocytes (such as T and B 
lymphocytes) or tumoral immune cells (such as T or B neoplastic lymphocytes, and 
more specifically Jurkat cells), the activity is the T lymphocyte proliferation or the 
production of antibodies. In more specific embodiments, the activity is induced 
either by organ or tissue transplant, by an allergen, or by autoimmune diseases. In 
further specific embodiments, the NTPDase inhibitor is selected from the group 
consisting of BGO 136, erythrosin B, nucleotide or nucleotide derivative including 
AMP, 8 Bus-AMP and 8 Bus-ATP, and analogues thereof. 

[0023] In a further aspect of the present invention, there is provided a 

method to prevent or reduce the risk of rejection of transplanted tissue or organ, 
comprising administering to the mammal an effective amount of NTPDase inhibitor. 
In a specific embodiment, the NTPDase inhibitor is selected from the group 
consisting of BGO 136, erythrosin B, nucleotide or nucleotide derivative including 
AMP, 8 Bus-AMP and 8 Bus-ATP, and analogues thereof. 

[0024] In a further aspect of the present invention, there is provided a 

composition for use as an immunosuppressive agent in graft transplant comprising 
an effective amount of BGO 136 or BGO 136 analogue in a pharmaceutical^ 
acceptable carrier. 
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[0025] In a further aspect of the present invention, there is provided a use 
of a BGO 136 or BGO 136 analogue in the making of a medicament for use as an 
immunosuppressive agent in graft transplant. 

[0026] NTPDase is a family of enzymes which catalyse the sequential 
hydrolysis of the gamma and betaphosphate bonds of nucleoside tri and 
diphosphates and characterized by homologous sequences (apyrase 
conserved regions). As used herein, the term "NTPDase" refers to any member 
of this family. 

[0027] As used herein, the term "disease or condition characterized by an 
immune cell disorder" is meant to include disease and conditions characterized by 
defective or undesirable immune cell activity. It includes normal T lymphocytes 
proliferation and normal B lymphocytes humoral response, any dysfunction in 
normal immune cells including monocytes, NK cells, and lymphocytes, neoplastic 
immune cells proliferation, etc. Without limiting the generality of the foregoing, 
such diseases and conditions include graft vs. host reaction following organ or 
tissue transplant (including graft rejection), blood disorders such as neoplasia 
(leukemia and lymphoma), autoimmune disorders including rheumatoid 
arthritis, psoriasis, Crohn disease and certain diabetes, oncological and 
oncohematological diseases and conditions. 

[0028] As used, the terms "neoplastic", and "tumoral" are used 
interchangeably. 

[0029] As used herein, the term "NTPDase activity" is meant to include the 
enzyme's ability to hydrolyse ATP and ADP and any downstream effect of this 
enzymatic reaction including lymphocyte proliferation and humoral response. 
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[0030] As used herein, the term "lymphocytes" is meant to include normal 
lymphocytes and neoplastic/tumoral lymphocytes. Without limiting the 
generality of the foregoing, this term is meant to include normal T and B 
lymphocytes such as those found in normal mammals, and neoplastic/tumoral 
T and B lymphocytes such as Jurkat, Rami and Ramos cells. 

[0031] As used herein, the term "effective amount" is meant to refer to an 
amount of NTPDase inhibitor administered in a single dose or in multiple doses 
sufficient to reduce or abrogate the undesirable lymphocyte activity in the cell or 
the animal to which it is administered while avoiding adverse side effects. Without 
limiting the generality of the foregoing, the results presented herein demonstrate 
that an amount of 4,3mg/g of base weight of transplanted spleen is sufficient to 
reduce the spleen increase by 56%. It refers to the amount necessary to produce a 
benefit to the cell or animal to which it is administered as determined by a person 
of ordinary skill in the art. 

[0032] As used herein, the term "BGO 136 analogue" is meant to refer to 
any naphtyl derivative having the ability to inhibit an NTPDase activity. 
Furthermore, the F. B. Gendron doctorate thesis submitted to the University of 
Sherbrooke on inhibitors defines the conformational characteristics that enable an 
analogue to possess inhibitory abilities. 

[0033] As used herein, the term "AMP analogue" is meant to refer to any 
adenosine 5-monophosphate derivative having the ability to inhibit an NTPDase 
activity including 8-BUS AMP. Since AMP is the last member of the reaction, it is 
submitted that it is reasonably predictable that any AMP analogue will inhibit 
NTPdase. 

[0034] As used herein, the term "ATP analogue" is meant to refer to any 
adenosine 5-triphosphate derivative having the ability to inhibit an NTPDase 



WO 03/089664 



PCT/CA03/00583 



11 

activity including 8-BUS ATP. Gendron et at. (2000a) and Nahum et al. (2002) 
describe such ATP analogues. 

[0035] As used herein, the term "erythrosin B" is meant to refer to any 
member of the erythrosin family or erythrosin derivative having the ability to inhibit 
an NTPDase activity. 

[0036] As used herein, the term "nucleotide derivative" is meant to refer to 
any nucleotide having been subjected to any modification preserving its ability to 
inhibit an NTPDase activity. Assays as described in Picher et al. (1996) showed 
that modifications on the ATP phosphate chain prevent ATP hydrolysis 
consequently granting resulting molecules with inhibitory activities. 

[0037] As used herein, the term "humoral response" is meant to include 
antibody production. 

[0038] Other objects, advantages and features of the present invention 
will become more apparent upon reading of the following non-restrictive 
description of preferred embodiments thereof, given by way of example only 
with reference to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0039] In the appended drawings: 

[0040] Figure 1 shows the presence (the 78KDa and 56KDa lines) 
of NTPDase in human lymphoid cells. In this figure, PBL: normal peripheral 
blood cells; Ramos : B leukemia cells; Jurkat : T leukemia cells; K562 
:erytroleukemia cells; Raji : B leukemia cells; NK: natural killer cells; 
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Monomac™ : monocytes leukemia cells; 

[0041] Figure 2 shows the effect of BGO 136 on NTPDases activity 
of human peripheral blood lymphocytes (PBL). Panels A and B show BGO 
136's effect on the ATPDase and ADPDase functions, respectively. Eight (8) 
assays were performed each in triplicate. NTPDase 1 and 2 (in a lesser extent) 
were used; 

[0042] Figure 3 shows the inhibitory effect of BGO 136 on human 
peripheral blood lymphocytes (PBL) proliferation. Panel A presents results with 
a control (unstimulated cells); Panel B presents results with cells stimulated by 
ConA™ and Panel C presents results with cells stimulated with LPS™. Three 
(3) experiments were performed each in quadruplicate. [ inhibitor ] : indicates 
inhibitor concentration; 

[0043] Figure 4 shows the correlation between NTPDase activity of 
cells subjected to BGO 136 as presented in Figure 2 and proliferation assay of 
peripheral blood lymphocytes (PBL) subjected to BGO 136 as presented in 
figure 3. Each set of point corresponds to a single concentration of the 
inhibitor.(concentration used are 0, 1, 5 and 10 mM of BG0136); 

[0044] Figure 5 shows the effect of BG0136 on humoral response 
(antibodies production ) 21 days after a first injection (Panel A), 32 days after 
first injection (Panel B); and 40 days after a first injection (Panel C). In this 
figure, DM : indicates that multiple doses of BG0136 were given; +Ag : mice 
received BSA as Ag T cell dependent; - Ag : mice received only vehicle; 
BG0 136 was given in a single dose at the mentioned concentration (400 or 
800 mM). Each group contained ten (10) mice; 
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[0045] Figure 6 shows the effect of erythrosin B on NTPDase 
activity of human peripheral blood lymphocytes (PBL). Six (6) experiments 
were performed each in triplicate; 

[0046] Figure 7 shows the effect of erythrosin B on human 
peripheral blood lymphocytes (PBL) proliferation. Three (3) experiments were 
performed each in sextu plicate; 

[0047] Figure 8 shows the correlation between NTPDase activity of 
cells subjected to erythrosin B as presented in figure 6 and proliferation assay 
of peripheral blood lymphocytes (PBL) subjected to erythrosin B as presented 
in figure 7. Each set of point corresponds to a single concentration of the 
inhibitor. Concentrations used are 0, 10, 30, 50 and 100 uM of erythrosin B; 

[0048] Figure 9 shows the effect of erythrosin B on humoral 
response (antibody production) 21 days after first injection (Panel A), 32 days 
after first injection (Panel B) and 40 days after first injection (Panel C). In this 
figure, DM : Multiple doses of Erythrosin B were given; Groupe Ag : mice 
received only BSA as Ag T cell dependant without inhibitor; Erythrosin B was 
given in a single dose as mentioned 0.25g/kg or 0.5g/kg. Each group contain 
10 mice; 

[0049] Figure 10 shows the inhibitory effect of 8-BuS ATP on 
NTPDase activity of human peripheral blood lymphocyte. One (1) experiment 
was performed in duplicate; 

[0050] Figure 1 1 shows the inhibitory effect of 8-BuS-ATP on the 
human peripheral blood lymphocytes (PBL) proliferation. Three (3) experiments 
were performed each in sextuplicate; 
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[0051] Figure 12 shows the correlation between NTPDase activity of 
cells subjected to 8-BuS-ATP as presented in figure 10 and proliferation assay 
of peripheral blood lymphocytes (PBL) subjected to 8-BuS-ATP as presented in 
Figure 11. Each set of point corresponds to a single concentration of the 
inhibitor. Concentrations used are 0, 10, 50 and 100 uM of 8-BuS-ATP; 

[0052] Figure 13 shows the inhibitory effect of 8-BuS AMP on 
NTPDase activity of human peripheral blood lymphocyte. Two (2) experiments 
were performed each in triplicate; 

[0053] Figure 14 shows the inhibitory effect of 8-BuS-AMP on the 
human peripheral blood lymphocytes (PBL) proliferation. Three (3) experiments 
were performed each in sextuplicate; 

[0054] Figure 15 shows the correlation between NTPDase activity of 
cells subjected to 8-BuS-AMP as presented in figure 13 and proliferation assay 
of peripheral blood lymphocytes (PBL) subjected to 8-BuS-AMP as presented 
in figure 14. Each set of point corresponds to a single concentration of the 
inhibitor. Concentrations used are 0, 10, 30 and 100 uM of 8-BuS-AMP; 

[0055] Figure 16 shows the inhibitory effect of beta-gamma 
methylene ATP on NTPDase activity of human peripheral blood lymphocytes 
(PBL). Two (2) experiments were performed each in triplicate; 

[0056] Figure 17 shows the inhibitory effect of beta-gamma 
methylene ATP on the human peripheral blood lymphocytes (PBL) proliferation. 
Three (3) experiments were performed each in sextuplicate; 



WO 03/089664 



PCT/CA03/00583 



15 

[0057] Figure 18 shows the correlation between NTPDase activity of 
cells subjected to beta-gamma methylene ATP as presented in figure 16 and 
proliferation assay of peripheral blood lymphocytes (PBL) subjected to beta- 
gamma methylene ATP as presented in figure 17. Each set of point 
corresponds to a single concentration of the inhibitor. Concentrations used are 
0, 50, 100 and 250 uM of beta-gamma Me-ATP ; and 

[0058] Figure 19 shows the inhibitory effect of NTPDase inhibition on 
neoplastic T cell growth Results obtained with erythrosin B, BGO 136, AMP, 
beta-gamma methylene ATP, 8-BuS-ATP are shown in Panels A to E, 
respectively. For each inhibitor, two (2) experiments were performed each in 
quadruplicate. 

DESCRIPTION OF SPECIFIC EMBODIMENTS . 

Isolation off human lymphocytes 
[0059] Human lymphocytes were obtained from peripheral venous blood 
of normal and healthy medication-free volunteers. Fresh blood collected in 
EDTA glass tubes was layered into Histopaque™ - 1077 (a solution of Ficoll™ 
and sodium diatrizoate adjusted to a density of 1.077, Sigma, USA) and 
centrifuged at 400 g for exactly 30 min, at room temperature. During 
centrifugation, erythrocytes and granulocytes were aggregated by Ficoll™ and 
rapidly sedimented, whereas lymphocytes remained at the plasma interface. 
Plasma (the upper layer) was carefully removed to prevent disturbance of the 
buffy coat. The latter fraction rich in lymphocytes was recovered with a pasteur 
pipette and washed twice with RPMI™ 1640 medium by centrifugation, for 10 
min, at 250 X g. The final pellet was suspended in fresh RPMI™ 1640 medium 
supplemented with 2mM L-glutamine, 10% foetal bovine serum inactivated at 
56°C for 30 min, and antibiotics: penicillin 100 units/nl, streptomucin 100 ug/ml 
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and amphotericin 2.5 ug/ml. Cells were counted with the hemacytometer. 
Viability, tested with Trypan™ blue exclusion assay, was superior to 90%. The 
cell preparation named PBL (for peripheral blood lymphocyte) was immediately 
used for NTPDase assays and for mitogenic responses to stimulators. 

Maintenance off Ivmphobflastoid human cell lines 
[0060] Human cell lines were given by Dr. Jana Stankova (Department 
of Immunology, Universite de Sherbrooke). Jurkat cells were derived from 
human T cell leukemia. Raji and Ramos cells are B-cell lymphomas derived 
from peripheral blood of patients with Burkitt lymphoma. MonoMac™-1 is a cell 
line derived from the peripheral blood of a 64 year-old male with active 
monocytic leukemia. K562, which is used as highly sensitive target for NK cell 
activity is an erythroleukemia cell line. U937 is a promonocytic myeloid cell and 
finally the Y2 T2 C2 (NY) cell is a human natural killer cell line. These 
lymphoblastoid cell lines which grow in suspension as single cells without 
attachment to glass, were maintained by passage in complete RPMI 1640 
medium with 2 mM L-glutamine containing 10-20% heat inactivated foetal 
bovine serum [V/V] and antibiotics (100 units/ml of penicillin), streptomycin 100 
ug/ml and 2.5 ug/ml of amphotericin) at 37°C in a humidified 5% C02/95% air 
atmosphere. Mono-Mac™ 1 cells were maintained in the same complete 
RPMI™ 1640 medium supplemented with 1 x non-essential amino acids and 
1 mM Na-pyruvate at 37°C with 5% C0 2 . 

Mitogen stimulation and proliferation assay 
[0061] A thymidine uptake assay was used to evaluate the effect of 
NDPase inhibitors on the proliferative activity of normal lymphocytes. 

[0062] Cell suspensions of fresh human peripheral blood lymphocytes 
(PBL) were resuspended in RPMI™ 1640 medium supplemented with 10% 



WO 03/089664 



PCT/CA03/00583 



17 

foetal bovine serum at a concentration of 2 x 106/ml. Aliquots of 100 ml were 
plated on a Falcon™ flask (96 - well) and stimulated with 10 ug/ml of (Con-A) 
or 40 ug/ml of (LPS™) at a final volume of 0.2 ml/well. ConA™ and LPS™ 
were used to stimulate preferentially T cells and B cells, respectively. Cell 
cultures ± inhibitors were incubated for 48 h at 37°C in a 5% C0 2 atmosphere 
[ 3 H] thymidine (1 ug/well, specific activity 5.0 ci/mmol) was added to each 
microplate in a volume of 50 ul. After an additional a 4 h incubation at 37°C, 
cells were collected with a cell harvester and 3 H thymidine incorporation was 
measured in triplicate samples by liquid scintillation counting. 

MTPDase assays 

[0063] Prior to the assays, human normal lymphocytes as well as 
leukemic cell lines, were washed three times with phosphate-free saline in 95 
mM NaCI, 1mM CaCI 2 , 2mM MgCI 2 and 45mM Tris - HCI buffer (pH 7.4). 
Enzyme assays were carried out at 37°C in 1 ml of the following assay 
medium: 95mM NaCI, 5mM KCI, 1mM CaCI2, 2mM MgCI 2 , 5mM glucose, 
0.05% BSA, 5mM tetramisole and 45mM Tris-HCI (pH 7.5). The reaction was 
started by adding the substrate (200uM of ATP or ADP) and stopped with 250 
ul of the Malachite green reagent. Controls were run with the enzyme added 
after the Malachite green reagent. Where indicated, 10mM sodium azide 
(NaN 3 ) or 1 mM, 5mM and 10 mM of BGO 136 were added directly to the assay 
mixture. Inorganic phosphate was estimated according to Baykov et al. (1) and 
enzyme activity was either expressed as nmoles of Pi released/min/mg of 
protein which corresponds to mUnits (2) or as nmoles Pi/min/10 6 cells. Where 
indicated, lymphoid cells were lysed by three freeze thaw cycles in saline buffer 
and protein was measured with the method of Bradford using bovine serum 
albumin as a standard (3) . 



Electrophoresis and Western blottfina 
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[0064] Lymphocytes from human peripheral blood (PBL) and 
lymphoblastoid cell lines obtained as described above were lysed and protein 
was measured. Samples of 20 ug protein of whole cell lysate were applied to 
each well of polyacrylamide gel. Electrophoresis was carried out under 
denaturing conditions (SDS-PAGE) in a 10% polyacrylamide gel. Protein was 
subsequently transferred to immobilon-P sheets and immunoblotted. A rabbit 
antiserum (Kally) which recognizes isoform II of ATPDase was used as primary 
antibody at a dilution of 1:10 000. The secondary antibody, a mouse 
monoclonal anti rabbit IgG conjugated to alkaline phosphatase (1:10 000) was 
detected by chemiluminescence using the Immun-Star™ substrate, according 
to the recommendations of the supplier (Bio-Rad/laboratories). 

In vivo antibody production assay 
Animal treatments and experimental design 

[0065] Immunity mice were primed with antigen by an intraperitoneal 
injection of BSA as a T-dependent antigen. Briefly, BSA was resuspended in 
PBS (pH 7.2) and emulsified in the same volume of complete Freund's 
adjuvant (CFA). 30 ug BSA in 100 ml PBS was given to each mouse. Four 
groups of ten mice were immunized. 

Group 1 : mice were injected i.p. with BSA alone with emulsified in 

(CFA) Group: Ag. 

Group 2 : mice were injected i.p. with BSA plus BGO 136 (400mM) in 

100 ml PBS, emulsified in (CFA) or erythrosin B (0.25 g/Kg) 

Group 3 : mice were injected i.p. with BSA plus BGO 136 (800mM) in 

100 ml PBS, emulsified in (CFA) or erythrosin B (0.5 g/Kg) 
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Group 4 : mice were treated with BSA in presence of the inhibitor 

emulsified in (CFA). These mice received various i.p. doses 
of BGO 136 400mM in 0.1 ml of normal PBS or erythrosin B 
0.25 g/Kg, 2 doses/week are given as a maintenance dose, 
(group named DM = maintenance dose) 

[0066] These initial immunizations (i.p.) were followed by two 
subsequent immunizations with emulsions of BSA alone or in presence of. 
BG0136 400mM or 800mM, in incomplete Freund's adjuvant. Five days after 
each immunization, blood was collected from each animal, sera was analysed 
by an ELISA assay. 

Detection of antibodies 
[0067] Flat-bottomed microtiter plate were coated with BSA (5ug/ml) in 
NaHC03/Na 2 C0 3 50mM (pH 9.6) at 37°C for 2 h. Plates were washed three 
times with (PBS buffer, pH 7.4, 0.5 ml/L Tween-20) and then blocked with 400 
ul of milk per well overnight, at 4°C. Diluted sera specimens were added (100 
ul/well) and incubated for 2h at 37°C. After thorough washing, wells were 
incubated with 100 ul of goat-anti-mouse IgG conjugated with peroxydase for 2 
h at 37oC followed by several washes. TMB substrate solution (100 ul/well), 
(42mM TMB in DMSO, 0.1 M citric acid, Na 2 HP0 4 0.2 M and H 2 0 2 30%) was 
added. Color development was allowed to proceed for approximately 15 to 30 
min, at room temperature. Reaction was terminated by adding 30ul of 4N 
H2S0 4 . Optical density was read at 450 nm. 

Cell growth and proliferation of Jurkat cell lines 
[0068] T cell Jurkat is an acute T cell leukemia obtained from the 
peripheral blood of human. It was purchassed from ATCC and was grown and 
maintained in RPMI™ 1640 medium containing 10% FBS, 2mM L-glutamine 
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adjusted to contain 1.5 g/L sodium bicarbonate, 4.5 g/L glucose, 10 mM 
HEPES and 1.0 mM sodium pyruvate. To evaluate the effect of the different 
inhibitors of NTPDases on the growth of Jurkat cells, BGO 136, erythrosin, 8 
Bus ATP, AMP and B-v-Me ATP were added in the RPMI™ 1640 medium in 
presence of cells at day = 0. Cells counts and viability of cells were determined 
on day - 5. 

Statistical analysis 
[0069] Mice were used as test animals. Studies were also performed on 
the cultures of peripheral blood lymphocytes of donors and on experimental 
tumor cell lines. Test results were statistically processed. A one way variance 
analysis was followed; the Statpack® software analysis program was utilized. 

* p<0.05 
** p<0.01 
*** p<0.001 

EXAMPLE 1 

Presence of NTPDase in various normaD and neoplastic lymphoid ceils 

and inhibitory activity of NaN3 

[0070] The presence and activity of NTPDase in PBL cells and in various 

tumor cells were compared using ATP and ADP as substrates. 

[0071] As may be seen in Figure 1, the NTPase signal is more 
pronounced in neoplastic cells as compared to that in normal lymphocytes 
(peripheral blood lymphocytes (PBL)) . 

[0072] The levels of the ecto-ATPase and ecto-ADPase functions of 
NTPDase are presented in Table 1 below. In agreement with the Western-blots 
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shown in Figure 1, the levels of NTPDase activity in normal PBL cells is 
relatively low as compared to that in tested tumor cell lines. It is noteworthy that 
in most cases, 10 mM Na azide (NaN3) (a NTPDase inhibitor) causes more 
than 50% inhibition of enzyme activity. 

Table 1 NTPDase activity of various intact human normal and tumoral 
lymphoid ceils 







(nmoles Pi/min/10 6 cells) 






ATP 


ATP + NaN3 


ADP 


ADP + NaN3 : 




Ramos 


20 ± 0.3 *** 


10 ± 0.0 


14.5 ± 2.4 


*** 


8 ± 0 ! 




Raji 


39 ± 6.0 *** 


14 ± 0.0. 


21 ± 0.8 


*** 


14 ± 0 ! 


en 

II 
□ 


JurKat 


25 ± 1.5 »** 


7 ± 1.0 


9.5 ± 0.8 


*** 


3.5 ±0.8 




Mono Mac-1 


23 ± 1.0 *** 


7 ± 1.2 


7.7 ± 0.2 


*** 


3.8 ±1.8 




U937 


29 ± 1.0 *** 


8 ± 0.0 


11 ± 0.5 


*** 


3.3 ±0.8 i 


■* 
II 

e 


PBL 


1.0 ± 0.1 


0.5 ± 0.1 


0.5 ± 0.1 




0.2 ±0.1 1 

j 



n = number of experiments (each in triplicate) 

*** indicates that the difference of NTPDase activity between tumor cell 
lines group and the control PBL group is significant. 

EXAMPLE 2 
Effect of BGO 136 on NTPDase activity of PBL 
[0073] As shown in figure 2, with PBL, BGO 136 caused a dose- 
dependent inhibition of ATPase and ADPase activities. A significant inhibition 
(40%) was obtained with 5 mM BGO 136 whereas with 10 mM, it increased up 
to 50% or more. The results are expressed as percent of controls considering 
untreated control samples as 100. 
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[0074] The influence of BGO 136 on human lymphocyte proliferation 
stimulated by ConA™ and LPS™ is shown in figure 3. ConA™ is a mitogen 
specific to lymphocytes T while LPS™ is a mitogen specific to lymphocytes B. 
BGO 136 did not affect the proliferation of non-activated lymphocytes as 
measured by 3H-Thymidine incorporation in DNA. In contrast, proliferation 
induced by ConA™ was inhibited in a dose-dependent manner, reaching about 
10% of the positive control values with 10 mM BGO 136. The BGO 136 
inhibition of LPS™-induced proliferation was much less pronounced. One has 
to take into account that cell-induced proliferation as expected is relatively low. 

[0075] In PBL proliferation assays presented in the Examples below, 
ConA™ only was used to specifically stimulate T lymphocyte proliferation. 

[0076] A positive correlation (.89 for ATPase and .96 for ADPase) 
between cell proliferation presented in Figure 3 and NTPDase activity 
presented in Figure 2 was established in the presence of the three 
concentrations of BGO 1 36 is illustrated in figure 4. 

EXAMPLE 3 
Effect of BGO 136 on humoral response 
[0077] As shown in Figure 5, the levels of albumin antibodies were 

reduced as much as 50% by a single dose BGO 136 (800mM). Repeated 

injections of BGO 136 appeared even more efficient (group DM in Figure 5). 

[0078] The experiments were repeated in several series of mice and 
produced essentially the same pattern of inhibition. The results from one 
representative experiment are presented in Figure 5. 

[0079] No toxic or allergic reactions were observed during the BGO 136 
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administration (two months). 

EXAMPLE 4 

Effect of erythrosin B on PBL NTPDase activity and PBL proliferation 
[0080] The effect of erythrosin B, a NTPDase inhibitor not structurally 

related to BGO 136, on. lymphocyte T activity was also observed to determine 

its ability to influence immune response of T-cells. Results presented in Figures 

6-7-8 show a dose-dependent inhibition of lymphocyte proliferation (Figure 7) 

and NTPDase activity (Figure 6). A high correlation was established between 

these two parameters (Figure 8). 

EXAMPLE 5 
Effect of erythrosin B on humoral response 
[0081] As shown in figure 9, a significant decrease in the levels of 

antibodies to albumin following administration of erythrosin B can be observed 

especially with multiple injections to sustain the concentration of the inhibitor in 

the animal (group DM in Figure 9). 

EXAMPLE 6 

Effect of 8 BUS-ATP on PBL NTPDase activity and PBL proliferation 
[0082] A pronounced dose-dependent inhibition of the NTPDase activity 

by 8 BUS-AMP was observed (Figure 10). 8 BUS-ATP reduced cell 

proliferation induced by ConA™ (Figure 1 1). A very good correlation could be 

established between these two parameters (Figures 12). 

EXAMPLE 7 

Effect of 8 BUS-AMP on PBL NTPDase activity and PBL proliferation 
[0083] A pronounced dose-dependent inhibition of the NTPDase activity 

by 8 BUS-AMP was observed (Figure 13). 8 BUS-ATP reduced cell 

proliferation induced by ConA™ (Figure 14). A high correlation was 

established between these two parameters (Figures 15). 
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EXAMPLE 8 

Effect of p-y-Me ATP on PBL NTPDase activity and PBL proliferation 
[0084] As shown in figure 16, NTPDase was inhibited in a dose- 
dependent manner. B-y-Me ATP reduced cell proliferation induced by ConA™ 
(Figure 17). Again, a high correlation was established between these two 
parameters (Figure 18). 

EXAMPLE 9 

Effect of BGO 136, erythrosin, 8 BUS ATP, AMP and 8-y-Me ATP on Jurkat 

cells' proliferation 

[0085] Figure 19 shows the influence of the different inhibitors on 
neoplastic T lymphocytes, namely Jurkat cells which are derived from human 
leukemia cells. BGO 136, erythrosin, 8 BUS ATP and AMP exerted a marked 
reduction of cell proliferation. A less pronounced but significant effect was 
observed with B-y-Me ATP. 

EXAMPLE 10 

Comparison of effect of NTPDase inhibitors with compound of the prior 

art on graft vs. host reaction 
[0086] Table 2 below shows the efficiency of NTPDase inhibitors in 

preventing mice spleen growth following cell transplant according to the 

Bundick model. Mice were injected their parents' spleen cells. 21 days later, 

their spleen was weighed. Activation of Th2 (T helper cells) cells. The treatment 

groups are cyclosporin, BGO, and AMP. Bold figures in Table 2 correspond to 

results originally obtained by Bundick. The "No treatment group" is constituted 

of normal mice. The "positive" group is constituted of mice having undergone 

spleen tissue transplantation and having been injected with the carrier only 

(PBS™) without inhibitor. The other groups are constituted of mice having 

undergone spleen tissue transplantation and having been injected with the 

BGO 136, AMP or the cyclosporine, respectively. The spleen of all mice was 

then removed and weighed. The weigh of treated mice was then compared with 

that of the "No treatment" mice. Transplanted spleens of mice treated with 
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cyclosporins and BGO 136 are significantly smaller than those of the positive 
control mice (ANOVA< 5). 

[0087] As may be seen in this table, BGO 136 was more efficient than 
cyclosporine in preventing spleen growth following transplantation. 



Table 2 Influence of various inhibitors on spleen weigh after 
transplantation = , 



[Groups 


Mice 


splenomegaly 
mg/ g of b. weight 


suppression % 


No treatment 


6 


2.1+0.23 


100 






2.7+0.35 




Positive 


8 


7.1+1.11 


0 






7.7+1.65 




BGO 


8 


4.3+ 0.29 


56 


AMP 


8 


6.7+ 0.82 


8 


Cvclosporine 


6 


5.1+0.09 


40 


CONCLUSION 
[0088] The 


present invention 


showed a close 


correlation between 



inhibition of NTPDase activity and inhibition of immune responses of normal 
immune cells and neoplastic immune cells. All tested NTPDase inhibitors (i.e. 
BGO 136, erythrosin B, 8 Bus ATP, 8 Bus AMP and p-y-Me ATP) decrease the 
NTPDase activity, and lymphocytic activity including proliferation and humoral 
response in normal T lymphocyte. 

[0089] All the NTPDase inhibitors tested herein were shown to inhibit the 
growth of leukemic T lymphocyte cells (Jurkat cells) in culture. 

[0090] As was seen in Table 1, the NTPDase activity in neoplastic 
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lymphoid cells is 10 times higher than that in normal lymphocytes (exemplified 
herein by PBL). NTPDase is therefore inducible in tumoral lymphoid cells. It is 
reasonably predictable therefore that since NTPDase inhibitors were able to 
inhibit humoral response in PBL cells, it will a fortiari inhibit this response in 
tumoral lymphoid cells. 

[0091] Mice were shown to be a reliable and predictive model for human 
in the use of immunosuppressive agents in graft transplant (i.e. cyclosporine). 
The graft transplant rejection mechanism therefore appears to be similar in 
mice and human. Furthermore, with regards particularly to NTPDase, as was 
shown in Benrezzak et al. 2000, human, mice (and pigs) have very similar 
biochemical profiles with regards to NTPDase activity and localization. Results 
presented herein obtained with mice may reasonably predict that similar results 
will be obtained in human for graft transplant and inhibition of immune cell 
activity involving NTPDase activity. 

[0092] Although the present invention has been described hereinabove 
by way of preferred embodiments thereof, it can be modified, without departing 
from the spirit and nature of the subject invention as defined in the appended 
claims. 
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